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Abstract

Epstein-Barr virus (EBV) immortalized lymphoblastoid cell lines (LCLs) are widely used for
banking. This bioresource could be leveraged for creating human iPSC lines to model diseases
including CHD. We generated an LCL-derived iPSC line (NCHi001-A) from a patient with
congenital aortic valve stenosis. NCHi001-A was EBV and transgenes free, exhibited stem
cell-like morphology, expressed pluripotency markers, has a normal karyotype, and could be
differentiated into cells of three germ layers in vitro. Relationship inference via a microarray-
based analysis showed NCHi001-A is identical to the parental cell line. NCHi001-A can be used
for disease modeling, drug discovery, and cell therapy development.

1. Resource Table

Unigue stem cell lineidentifier NCHi001-A
Alternative name(s) of stem cell line LCL-iPSC4802
Institution Nationwide Children’s Hospital
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Unique stem cell lineidentifier

NCHi001-A

Contact information of distributor
Type of cell line
Origin

Additional origin info required for human ESC or
iPSC

Cell Source

Clonality

Method of reprogramming
Genetic Modification

Type of Genetic Modification

Evidence of the reprogramming transgene loss
(including genomic copy if applicable)

Associated disease

Gene/locus

Date archived/stock date

Cell line repository/bank Ethical approval

Kim.mcbride@nationwidechildrens.org
iPSC

Human

Age:31-year-old

Sex: Female

Ethnicity if known: Caucasian

EBV immortalized human lymphoblastoid cell line (LCL)
Clonal

Sendai virus

NO

NO

RT-PCR

Congenital aortic valve stenosis

A homozygous NFATCI variant; chrl8:77,153,996 G > A
(GRCh37/hg19)

9th March 2022

https://hpscreg.eu/cell-line/NCHi001-A Genetics of CVD
IRB09-00339

Resource utility

This iPSC line from a patient with congenital aortic valve stenosis containing the
homozygous NFATC1 enhancer variant 18:77,153,996 G > A provides an in vitro cellular
model to study the role of NFATCL in the pathogenesis of CHD and potentially facilitates
the development of novel therapeutic interventions. Table 1..

Resource details

Congenital heart disease (CHD) is a common birth defect, affecting 6 to 8 per 1000 live
births. Human induced pluripotent stem cells (iPSCs) have opened new approaches to
investigate genetic mechanisms of CHD using clinically relevant and patient-specific cardiac
cells (e.g., cardiomyocytes, endothelial/endocardial cells) (Lin, McBride et al. 2021).

Human iPSCs have been derived from a variety of cell sources, including EBV-immortalized
lymphoblastoid cells lines (LCLSs), which are widely used for cell line banking. Bio-

banked LCLs are an underutilized resource for generating iPSCs useful for elucidating
disease mechanisms of CHD. Here, we generated an iPSC line NCHi001-A, from an
EBV-immortalized LCL derived from a 31-year-old female diagnosed with congenital aortic
valve stenosis, using the CytoTune " -iPSC 2.0 Sendai Reprogramming kit (Thermo Fisher

Scientific).

We reprogrammed LCL4802 with Sendai virus (SeV) containing 4 Yamanaka classical
factors: OCT4, KLF4, C-MYC and SOX2 (Zhao et al., 2017; Martineau, Racine et al.
2018). On day 15, iPSCs clones had stem cell-like morphologies with a high nuclear-to-
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cytoplasmic ratio, and individual colonies were picked and expanded in culture (Fig.

1A). At passage 10, PCR detected no EBV-related genes in the iPSC line NCHi001-A

or negative control (NTC), which were present in the parental LCL4802 control (Fig.

1B). In addition, reprogramming transgenes including SeV and KOS were not detected in
genomic DNA of NCHi001-A by RT-PCR analysis (Fig. 1D). Immunofluorescent staining
was positive for the pluripotent surface antigen TRA-1-60 (99 %) and nuclear pluripotency
markers OCT4A (99 %), C-MYC (99 %), NANOG (95 %) and SOX2 (94 %) (Fig. 1E).

To evaluate tri-lineage differentiation, iPSCs were differentiated into three germ layers
using the Human Pluripotent Stem Cell Functional Identification Kit (R&D Systems). We
confirmed the expression of ectoderm (Otx2/SOX1), mesoderm (Brachyury/HAND1), and
endoderm (SOX17/GATA-4) markers by immunofluorescence staining (Fig. 1F). These
results indicate that these iPSCs have ability to differentiate into cells from all 3 germ layers.
We confirmed that NCHi001-A was identical to the parental LCL using KING software
(Kinship = 0.5). The karyotype of these iPSCs was normal, and there was no detectable gain
or lost (greater than5MB) in all chromosomes (Fig. 1C and Supplementary Fig. 1).

4. Materials and methods

4.1. Cell culture

LCLs isolated from blood were transfected using EBV into immortalized cells using an
established protocol (Gilbert and Haines, 2001). EBV-immortalized LCLs were maintained
with RPMI11640 (Gibco) containing 20 % FBS at 37 °C, 5 % CO,, and atmospheric O,.

4.2. Reprogramming

4.3. Rt-pcr

EBV-immortalized LCLs were reprogrammed using CytoTune™"-iPS 2.0 Sendai
Reprogramming Kit (Thermo Fisher Scientific). On day 0, 100,000 were transfected using
Sendai virus. On day 1, cells were reseeded into another well of a 24-well plate. On

day 3, cells were transferred into a Matrigel coated 24-well plate pre-loaded with Repro-
TeSR™ medium. Medium was refreshed every day. On day 12 to 15, when iPSC clones
appeared, mTesR ™1 medium was started. After transduction by day 18 to 21, colonies
were individually picked and transferred to a new well for expansion. All experiments were
performed using iPSCs at least passage 10.

Total RNA was extracted from iPSCs after passage 10 using RNeasy mini-Kit (QIAGEN).
Reverse transcription was carried out using Verso cDNA Synthesis Kit (Thermo Fisher
Scientific) according to the manufacturer’s instruction (Table 2).

4.4. Immunofluorescence staining

Cells were seeded on 12 mm coverslips coated with Matrigel in 24-well plate. Cells

were rinsed twice with DPBS, then fixed using 0.5 mL of 4 % PFA for 10 min at room
temperature. PFA was aspirated, and cells were washed with DPBS for 5 min, then gently
rinsed with 0.2 M glycine in PBS for 10 min on a shaker. If permeabilization was needed,
cells were incubated with 0.5 Triton X-100 plus 1 % protease inhibitor in DPBS for 10 min.
Samples were washed three times with DPBS for 10 min on a shaker. For blocking, cells
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were incubated with 10 % serum from the source species of the secondary antibody raised
for 1 h at room temperature. Cells were incubated in 250 pL of primary antibody (Table 2)
diluted in blocking buffer in dark overnight at 4 °C. Samples were washed three times with
the blocking buffer each for 10 min with shaking. Cells were incubated with the secondary
antibody diluted in the blocking buffer for 1 h, unless the primary antibody was conjugated
to a fluorochrome. Samples were washed three times with DPBS each for 10 min with
shaking. Coverslips were mounted with Invitrogen ™ ProLong ™ Gold Antifade Mountant
with DAPI.

Microscopy

Images were captured using a motorized Nikon Eclipse Ti2-E microscope with a 40X Plan
Apo Lambda objective, a Lumencor SOLA LED engine, and a Hamamatsu ORCA Fusion
camera.

Tri-lineage differentiation

The Human Pluripotent Stem Cell Functional Identification Kit (R&D Systems) was used to
functionally test the ability of iPSCs to differentiate into cells of three germ layers.

Karyotyping

Genomic DNA samples were sent to Roswell Park Comprehensive Cancer Center for
Illumina Infinium CytoSNP-850 k array analysis. The bioinformatic analysis was performed
by using KaryoploteR (version 1.20.0), a Bioconductor package. This R package was used
to visualize and identify the distributions of existing variations in the genome on interest.

Mycoplasma detection

Mycoplasma contamination was evaluated using Venor™ GeM Mycoplasma Detection Kit,
PCR-based (Sigma-Aldrich) following the manufacturer’s instructions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Characterization of NCHi001-A iPSC line.
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